Thermoluminescent dosimeters (TLDs), particularly CaF 2 :Mn, are often used as photon dosimeters in mixed (n/γ) field environments. In these mixed field environments, it is desirable to separate the photon response of a dosimeter from the neutron response. For passive dosimeters that measure an integral response, such as TLDs, the separation of the two components must be performed by post-experiment analysis because the TLD reading system cannot distinguish between photon and neutron produced response. Using a model of an aluminum-equilibrated TLD-400 chip, a systematic effort has been made to analytically determine the various components that contribute to the neutron response of a TLD reading. The calculations were performed for five measured reactor neutron spectra and one theoretical thermal neutron spectrum. The five measured reactor spectra all have dosimetry quality experimental values for aluminum-equilibrated TLD-400 chips. Calculations were used to determined the percentage of the total TLD response produced by neutron interactions in the TLD and aluminum equilibrator. These calculations will aid the Sandia National LaboratoriesRadiation Metrology Laboratory (SNL-RML) in the interpretation of the uncertainty for TLD dosimetry measurements in the mixed field environments produced by SNL reactor facilities.
TABLES

EXECUTIVE SUMMARY
Thermoluminescent dosimeters (TLDs), particularly CaF 2 :Mn, are often used as photon dosimeters in mixed (n/γ) field environments. It has always been assumed that the neutron contribution to the dosimeter response was a small portion of the total. As the quantification of uncertainties in dose measurements becomes more urgent, there is a need to quantify the neutron component of the TLD response for the primary environments that customers use at Sandia National Laboratories (SNL) reactor facilities. The separation of the n/γ components must be performed by post-experiment analysis because the TLD reading system cannot distinguish between photon and neutron produced response. Using a model of an aluminum-equilibrated TLD-400 chip, a systematic effort has been made to analytically determine the various components that contribute to the neutron response of a TLD reading. The calculations were performed for five measured reactor neutron spectra and one theoretical thermal neutron spectrum. The five measured reactor spectra all have dosimetry quality experimental values for aluminum-equilibrated TLD-400 chips. The calculations were used to determine (a posteriori) the percentage of the total TLD response produced by neutron interactions in the TLD and aluminum equilibrator. For all but one of the reactor environments, the neutron component of the TLD response falls within the 5-12% uncertainty in the reading of the TLD crystal. These calculations will aid the SNL-Radiation Metrology Laboratory (SNL-RML) in the interpretation of the uncertainty for TLD photon dosimetry measurements in the mixed field environments produced by SNL reactor facilities.
INTRODUCTION
The response of CaF 2 :Mn thermoluminescent dosimeters (TLD) due to the neutron component of a mixed (n/γ) field environment is difficult to separate from the response that is attributable to the photon dose. In a systematic manner, an effort has been made to determine the various components that contribute to the neutron response of a TLD reading. The contributors identified for an aluminum equilibrated CaF 2 :Mn TLD in this process are given by the following list: (1) the direct neutron kerma within the TLD; (2) the dose from secondary γ's produced by reactions in both the aluminum equilibrator and the TLD material; (3) the dose contribution from the activation products created in the TLD material; (4) the dose contribution for the activation products created in the aluminum equilibrator; and (5) the dose from charged particles produced by high energy neutron reactions in the aluminum equilibrator.
Six separate neutron fields were considered in the evaluation of each of the different contributors to the neutron response. These reactor fields consist of a pool-type reactor cavity (ACF9), a hard spectrum from the cavity of a fast burst reactor (SPR3CC), a moderated spectrum representative of a water bucket in a pool-type cavity (WB7), a leakage spectrum from a fast burst reactor (SPR_80a3), and an extremely moderated spectrum representative of a polyethylene bucket in a pool-type reactor (FRECIIp6). These five reactor fields are described in Reference [Gr94] . The final spectrum was a theoretical Maxwellian thermal neutron beam at a temperature of 20 o C. The six spectra are displayed in Figures 1-2 . Figure 1 is a standard plot of the differential number spectra (dN/dE) while Figure 2 is a lethargy plot (dE/dE) where equal areas under the curve represent equal numbers of neutrons. Figure 2 demonstrates the considerable diversity of neutron spectra that can be produced within the SNL reactor facilities. It also shows that it would be difficult to assign a reliable value for the neutron contribution to a CaF 2 :Mn TLD response for an unknown neutron spectrum because the neutron energy spectrum determines both the kerma and the activation products produced in the TLD.
The five measured reactor spectra all have dosimetry quality experimental values of the total response for aluminum-equilibrated TLD-400 chips in these fields. The calculations were used to determine (a posteriori) the percentage of the total TLD response produced by neutron interactions in the TLD and aluminum equilibrator. The Maxwellian thermal calculation was included to assess the effect of a pure thermal neutron beam on the overall TLD response, but there are no experimental values for comparison to these results at the present time. These calculations will aid the Sandia National Laboratories-Radiation Metrology Laboratory (SNL-RML) in the quantification of the uncertainty for TLD dosimetry measurements in the mixed field environments produced by SNL reactor facilities. 
GEOMETRY AND MATERIAL COMPOSITION
A nominal SNL-RML aluminum-equilibrated TLD-400 chip was modeled. Both the aluminum equilibrator and the TLD-400 chip are represented as rectangular boxes in the model. A cavity is created in the aluminum equilibrator to accommodate the TLD-400 chip. The dimensions for aluminum equilibrator are 0.8 cm x 0.8 cm x 0.5461 cm. The dimensions of the TLD-400 chip are 0.3 cm x 0.3 cm x 0.0889 cm. The total volume of the equilibrator is 0.341503 cm 3 while the TLD chip has a volume of 8.001x10
-3 cm 3 .
The aluminum equilibrator was assumed to be composed of the Al6061 alloy of aluminum. A typical composition for the Al6061 aluminum alloy is found in Table 1 . The composition of the TLD-400 is CaF 2 doped with Mn to provide the thermoluminescent centers or "traps." The weight percent of Mn for typical TLD-400 chips was determined by neutron activation analysis (NAA) performed at the SNL-RML. The Ca and F weight percentages were then determined by stoichiometric calculations. Table 2 shows the results of the NAA and the stoichiometric calculations of the material composition of CaF 2 :Mn TLD-400 chips. The density of the aluminum was assumed to be 2.71 g/cm 3 . The density of the CaF 2 :Mn chip was assumed to be 3.10 g/cm 3 . 
CONTRIBUTIONS FROM VARIOUS COMPONENTS
Direct Neutron Kerma
In a mixed field environment, neutron interactions produce charged particles that deposit energy directly in the dosimeter material. The neutron kerma is determined by calculation and is equivalent to the absorbed dose when charged particle equilibrium (CPE) has been established. Using an MCNP4C2 [Br00] model of an aluminum-equilibrated TLD-400 chip, the neutron kerma was calculated using the internal MCNP kerma response for the TLD material. In using the kerma for the calculations, the escape of charged particles produced in the TLD material was neglected. This approximation was deemed valid based on the range of the protons and α-particles produced in the TLD material. Since the range of the charged particles produced in the volume is small compared to the dimensions of the TLD-400 chip, the amount of energy of the charged particles leaving the volume is much smaller than the total energy deposited by those charged particles. Thus, the calculated kerma was assumed to be equal to the absorbed neutron dose. Although these charged particles are neglected in the TLD calculation, the energy deposited by the charged particles produced in the aluminum equilibrator is calculated below. This calculation is included because the energy deposited by the charged particles produced in the equilibrator and transported into the TLD is unaccounted for in any of the other calculations.
The calculated kerma corresponds to the actual energy deposited within the TLD by the neutrons in the spectra that were examined. The TLD, however, does not respond to the neutron ionization with the same efficiency as it does to photon irradiation. The neutron ionization is produced by intermediate neutron-induced charged particles and recoiling nuclei. The charged particles have a high linear energy transfer (LET), and high LET ionization is less efficient in populating the thermoluminescent traps that are emptied during the heating in a normal TLD reading. The efficiency of neutron ionization in populating the traps is dependent upon the energy of the neutrons because the LET changes rapidly for the spectra of neutron-induced charged particles and the recoiling nuclei. Thus, an energy-dependent effective neutron kerma in the TLD material was added as an external response for the MCNP calculation. The energydependent effective neutron kerma for CaF 2 :Mn was a composite of the response from Henninger response [He82] at high energies and Rinard response [Ri79] at low energies. The transition between the two functions begins at 1.3125E+04 eV and concludes at 1.0750E+03 eV. The transition used an average of the two responses and gave each response equal weight. The two functions and the composite are displayed below in Figure 3 . The kerma and effective kerma for all the neutron spectra are found in Table 3 demonstrates that the neutron induced charged particles are much less efficient at populating the thermoluminescent traps. For the measured reactor spectra, the efficiency of converting neutron induced ionization into TLD response is between 10-13%. As the neutron spectrum becomes more thermal, the efficiency of this process increases to about 19%.
Secondary γ γ γ γ Dose
Secondary γ's produced in the aluminum equilibrator and the TLD-400 material are another contributor to the overall neutron response of CaF 2 :Mn TLDs. These γ's are produced by neutron capture and inelastic scattering events in the equilibrated TLD. It is generally believed that the photons that are created in the equilibrated TLD do not deposit a large amount of energy in the TLD crystal. However, the TLD does respond to the secondary γ ionization with the same efficiency as it does to direct γ radiation. To determine the contribution of secondary γ's to the total TLD response, the secondary γ dose in the TLD was determined during the same calculations for the neutron kerma and effective neutron kerma. The results of these calculations are displayed in Table 4 . Note that the secondary γ dose is directly related to both the neutron fluence and energy spectrum of the neutrons. This is demonstrated by the increased dose in the extremely moderated WB7, FRECIIp6, and Maxwellian thermal spectra and the decreased dose for the hard SPR3CC spectrum. 
Dose from TLD Activation Products
The neutron interactions within the TLD produce radioactive atoms in the crystal itself. In most cases, β-decay is the most prominent decay mode for these radioactive atoms. Since direct γ interactions produce ionizations (electrons) that are converted to TLD response (light output), it is assumed that the β's create ionizations and TLD response in an identical manner. A radioactive atom that undergoes transformation by β-decay deposits energy in the surrounding matter by three main mechanisms. The first mechanism is the ionization created by the β-particle in the material. The second mechanism is the energy deposited by the decay γ's that result from the decay process leaving the residual nucleus in an excited state. The third mechanism is the energy deposited by the internal bremsstrahlung (IB) or x-ray production that accompanies β-decay. Using the β-decay of 19 O, Figure 4 shows the mechanisms that are described above for the energy released during a β-decay. In Figure 4 , <β-> represents the average energy of the β-decay spectrum, <IB> represents the average energy of the internal bremsstrahlung continuum, and <γ> represents the average of the resulting discrete γ-rays in the decay process.
The ANITA [Po92] code was used to calculate the time-dependent activation products in CaF 2 :Mn TLDs for an exposure to a neutron flux of 10 14 n/cm 2 -s for 10 -4 seconds for each of the six neutron spectra. The ANITA output was examined for the isotopes that could make the largest contributions to the activation dose based on the number of atoms/cm 3 created and the half-life of the isotope. Four isotopes were identified as the largest contributors based on these criteria: 16 The first three isotopes ( 16 N, 19 O, and 20 F) are short-lived with the longest half-life being 27.08 seconds. These isotopes deposit all their energy within the TLD within the first hour after irradiation. The fourth isotope ( 56 Mn) has a half-life of 2.578 hours, so the majority of its dose is delivered in the first day. Using Reference [Br86] for the energy spectra of the β's, the energy spectra of the decay γ's, and the energy spectra of the internal bremsstrahlung photons, four separate calculations were performed to determine the average energy deposition per decay for each isotope. The first calculation involved β's less than 100 keV and assumed all the energy of these β-particles was deposited in the TLD. The 100 keV cutoff was selected because the range of an electron below 100 keV is less than the average dimension of the TLD-400 chip. Using the β-spectrum (above 100 keV) from Reference [Br86] , a uniform source of β's for each isotope was placed into MCNP and the average energy deposited in the TLD per decay was calculated. The results of these two calculations were added together to get a total energy deposited by β-particles per decay. Next, a similar calculation was performed for the γ-rays that result from β-decay process. Finally, a calculation was performed for the internal bremsstrahlung photons that are produced as a result of β-decay. Thus, for each process from the decay of the activation products that can deposit energy, an average energy deposited in the TLD per decay was calculated and multiplied by the total number of decays that resulted from the reference irradiation. The results of these calculations were summed and are displayed for the three environments and at three different times (1 hour, 1 day, and 1 week) in Table 5 . The β-decay process accounts for ~97% of the energy deposited by the activation products while the γ-rays represents ~3%. The energy deposited by IB represents for less than 0.04% of the total energy deposited by the activation products. 
Dose From Aluminum Activation Products
In addition to producing activation products in the TLD, the neutrons activate atoms in the aluminum equilibrator. For the activation products in the aluminum, a calculation very similar to that for activation in the TLD was performed. An ANITA calculation was used to determine the time-dependent activation products in CaF 2 :Mn TLDs for an exposure to a neutron flux of 10 14 n/cm 2 -s for 10 -4 seconds for each of the six neutron spectra. The ANITA output was examined for the isotopes that could make the largest contributions to the activation dose based on the number of atoms/cm 3 created and the half-life of the isotope. For each of the twelve isotopes, a β-source uniformly distributed throughout the aluminum equilibrator with the energy spectrum from Reference [Br86] was used to calculate the energy deposited in the TLD by the β-particles. A similar calculation was performed for the γ-rays that result from the β-decay process. A calculation of the energy deposited by the internal bremsstrahlung from each β-decay was also performed. The results of the these three calculations were combined. Thus, for each process from the decay of the activation products that can deposit energy, an average energy deposited in the TLD per decay was calculated and multiplied by the total number of decays that resulted from the reference irradiation. The results of these calculations were summed and are displayed for the six environments and at three different times (1 hour, 1 day, and 1 week) in Table 6 . Note that the dose from the activation of the aluminum equilibrator is larger than the contribution of the neutron kerma for all the spectra except those from the SPR-III reactor. This is most likely due to the fact that the SPR-III spectra have a higher average neutron energy and will not produce as much activation in the aluminum equilibrator as the ACRR reactor spectra. Also, note that majority of the activation dose is deposited within the first hour after the irradiation. 
Dose From Charged Particles Produced By High Energy Neutrons
The dose contribution of the charged particles produced in the aluminum equilibrator was calculated by using bounding approximations. First, since the aluminum equilbrator is made up of 96.68% aluminum (by mass), it is assumed that all of the charged particles are produced by reactions in 27 Al. Next, an energy of 8 MeV was assumed to be the highest energy neutron in the three spectra. This approximation was determined to account for more 99.75% of the total neutrons in the spectra. Next, Q-values of -2 MeV and -3 MeV were assumed for the 27 Al(n, p) and 27 Al(n, α) reactions respectively. Thus, the highest energy protons produced would be 6 MeV, and the highest energy α-particles produced would be 5 MeV. These energies were used to determine a range of the charged produced from Reference [ICRU] . The range for a 6 MeV proton was determined to be 0.026096 cm while a 5 MeV α-particle has a range of 2.14945x10 -3 cm. The ranges were then used to determine the total volume of the equilibrator that can produce charged particles that deposit energy in the TLD.
The resulting volume of the aluminum equilibrator was divided into 6 regions based on a continuous slowing down approximation for the protons. The protons from the region farthest from the TLD were assumed to deposit 1 MeV in the TLD while those from the region closest to the TLD were assumed to deposit 6 MeV (highest energy possible for the particle) in the TLD. The regions between the extremes were assumed to deposit 2, 3, 4, and 5 MeV respectively. The results of these bounding calculations are shown in Table 7 . The volume of aluminum that was determined by the α-particle range was determined to produce less than 490 α-particles/(10 10 n/cm 2 ) for all six neutron spectra and only half of these are assumed to deposit energy in the TLD. Since there are so few produced, all the α-particles that deposit energy are assumed to deposit 5 MeV (highest energy possible for the particle) in the TLD. The results of these bounding calculations are found in Table 7 . Note that the doses contributed by α-particles are about an order of magnitude lower than those contributed by protons. Also, note that the total contribution to the TLD dose by the charged particles is the smallest of the five contributions that were considered for all of the neutron spectra except those from the SPR-III reactor. Table 8 summarizes all of the various components that were considered in the above analysis. The results in Table 8 also show the time dependence of the neutron contribution with time points at 1 hour, 1 day, and 1 week. The results displayed in Table 8 were used to perform an analysis on the dosimetry shots that were used to produce the reactor spectra. The postexperiment analysis of the dosimetry shots used either the neutron fluence given in Reference [Gr94] or was calculated from information given in Reference [Gr94] . The analysis assumed that the TLD-400 chips were read 1 day after the irradiation. The results of these post-experiment analyses are found in Tables 9-13. Note that the largest contribution (~13%) from neutrons was the FRECIIp6 spectrum. Of the experimental spectra that were studied, the FRECIIp6 spectrum was the most moderated. The uncertainty in a TLD reading is typically 4-12% (based on the statistics of the reading), so the neutron contribution to the TLD response is within that uncertainty for all but the FRECIIp6 spectrum. 
SUMMARY
CONCLUSIONS
The neutron component of the response of TLD-400 (CaF 2 :Mn) chips has been quantified for five measured reactor spectra and one theoretical neutron spectrum. Activation of the aluminum equilibrator is the main source of the neutron response in the TLD-400 chips for all the reactor environments except the SPR3CC spectrum which has the highest average neutron energy. The neutron response was less than 14% of the total TLD response for all five reactor environments investigated (less than 7% for three of the five spectra). Users of SNL reactor facilities require a quantification of the uncertainty for the dosimetry results that are reported to them. The calculations produced for this report will aid the SNL-RML in the quantification and interpretation of the uncertainty for TLD photon dosimetry measurements in the mixed field environments produced by SNL reactor facilities.
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Model of TLD-400 with Al Equilibrator for F-19 Decay Gamma Spectrum C ********************************************************************** C * CELL CARDS * C ********************************************************************** C --- C ********************************************************************** C * SURFACE CARDS * C ********************************************************************** C --- C ********************************************************************** C * DATA CARDS * C ********************************************************************** MODE P $Decay gamma transport PHYS:P 100.0 C ******************** C * SOURCE CARDS * C ******************** SDEF SUR=0 CEL=100 AXS=0 0 1 ERG=D1 RAD=D2 EXT=D3 POS=0 0 0 C Energy distribution is from Browne and Firestone SI1 L 1.633602 3.332540 SP1 D 0.999910 0.000090 SI2 0 0.15 SI3 0.04445 C ******************** C * MATERIAL CARDS * C ******************** M1 9000.02p 0.643333 20000.02p 0.321667 25000.02p 0.035000 $TLD-400 C 1100-Al (soft Al) M2 13000.02p 0.9920 14000.02p 4.8214e-3 25000.02p 2.4648e-4 26000.02p 2.4247e-3 29000.02p 5.1142e-4 $Al equilibrator C ******************** C * ELECTRON TALLIES * C ******************** F16:P 100 C FM card is 1.602E-08*1.00009 C There are 1.00009 gammas per beta decay Model of TLD-400 with Al Equilibrator for F-20 IB Spectrum C ********************************************************************** C * CELL CARDS * C ********************************************************************** C --- C ********************************************************************** C * SURFACE CARDS * C ********************************************************************** C --- C ********************************************************************** C * DATA CARDS * C ********************************************************************** MODE P $Decay gamma transport PHYS:P 100.0 C ******************** C * SOURCE CARDS * C ******************** SDEF SUR=0 CEL=100 AXS=0 0 1 ERG=D1 RAD=D2 EXT=D3 POS=0 0 0 C Energy distribution is from Browne and Firestone SI1 0.001 0.010 0.020 0.040 0.100 0.300 0.600 1.300 2.500 5.000 5.395 SP1 0.0000 0.0129 0.4500 0.4500 0.5800 0.6500 0.3500 0.3000 0.1450 0.0340 4.8e-6 SI2 0 0.15 SI3 0.04445 C ******************** C * MATERIAL CARDS * C ******************** M1 9000.02p 0.643333 20000.02p 0.321667 25000.02p 0.035000 $TLD-400 C 1100-Al (soft Al) M2 13000.02p 0.9920 14000.02p 4.8214e-3 25000.02p 2.4648e-4 26000.02p 2.4247e-3 29000.02p 5.1142e-4 $Al equilibrator C ******************** C * ELECTRON TALLIES * C ******************** F16:P 100 C FM card is 1.602E-08*0.029379 C There are 0.029379 IB per beta decay Beta Energy Deposited in TLD from Activated Al6061 (Al-28) C ********************************************************************** C * CELL CARDS * C ********************************************************************** C --- C ********************************************************************** C * SURFACE CARDS * C ********************************************************************** C ---+----+---------+---------+---------+------------------------------- C ********************************************************************** C * DATA CARDS * C ********************************************************************** MODE E $Beta transport PHYS:E 100.0 C ******************** C * SOURCE CARDS * C ******************** SDEF SUR=0 CEL=200 AXS=0 0 1 ERG=D1 RAD=D2 EXT=D3 POS=0 0 0 C Energy distribution is from Browne and Firestone disregarding the C betas below 100 keV SI1 0.100 0.300 0.600 1.300 2.500 2.863 SP1 0.0000 0.04294 0.10912 0.38395 0.45267 0.01132 SI2 0.15 0.40 SI3 0.27305 C ******************** C * MATERIAL CARDS * C ******************** M1 9000.02p 0.643333 20000.02p 0.321667 25000.02p 0.035000 $TLD-400 C 1100-Al (soft Al) M2 13000.02p 0.9920 14000.02p 4.8214e-3 25000.02p 2.4648e-4 26000.02p 2.4247e-3 29000.02p 5.1142e-4 $Al equilibrator C ******************** C * ELECTRON TALLIES * C ******************** *F18:E 100 FC18 Energy Deposited [MeV/Src-Beta] C NPS 50000 PRINT 10 PRDMP 1j -100 0 2 DBCN 12j 14333 6j APPENDIX F -MCNP4C3 Sample Input Deck for Aluminum Activation Dose from Delayed γ γ γ γ's After β β β β-Decay -28 Al
Model of TLD-400 with Al Equilibrator for Al-28 Decay Gamma Spectrum C ********************************************************************** C * CELL CARDS * C ********************************************************************** C ---+----+---------+---------+---------+---------+---------+----------- C ********************************************************************** C * SURFACE CARDS * C ********************************************************************** C ---+----+---------+---------+---------+------------------------------- C ********************************************************************** C * DATA CARDS * C ********************************************************************** MODE P $Decay gamma transport PHYS:P 100.0 C ******************** C * SOURCE CARDS * C ******************** SDEF SUR=0 CEL=200 AXS=0 0 1 ERG=1.778988 RAD=D2 EXT=D3 POS=0 0 0 C Energy distribution is from Browne and Firestone SI2 0.15 0.40 SI3 0.27305 C ******************** C * MATERIAL CARDS * C ******************** M1 9000.02p 0.643333 20000.02p 0.321667 25000.02p 0.035000 $TLD-400 C 1100-Al (soft Al) M2 13000.02p 0.9920 14000.02p 4.8214e-3 25000.02p 2.4648e-4 26000.02p 2.4247e-3 29000.02p 5.1142e-4 $Al equilibrator C ******************** C * ELECTRON TALLIES * C ******************** F16:P 100 C FM card is 1.602E-08*1.000 C There are 1.000 gammas per beta decay IB Energy Deposited in TLD from Activated Al6061 (Al-28) C ********************************************************************** C * CELL CARDS * C ********************************************************************** C ---+----+---------+---------+---------+---------+---------+----------- C ********************************************************************** C * SURFACE CARDS * C ********************************************************************** C ---+----+---------+---------+---------+------------------------------- C ********************************************************************** C * DATA CARDS * C ********************************************************************** MODE P $IB transport PHYS:P 100.0 C ******************** C * SOURCE CARDS * C ******************** SDEF SUR=0 CEL=200 AXS=0 0 1 ERG=D1 RAD=D2 EXT=D3 POS=0 0 0 C Energy distribution is from Browne and Firestone SI1 0.001 0.010 0.020 0.040 0.100 0.300 0.600 1.300 2.500 2.863 SP1 0.0000 0.0800 0.3000 0.2900 0.3700 0.3800 0.1800 0.1140 0.0200 3.1e-5 SI2 0.15 0.40 SI3 0.27305 C ******************** C * MATERIAL CARDS * C ******************** M1 9000.02p 0.643333 20000.02p 0.321667 25000.02p 0.035000 $TLD-400 C 1100-Al (soft Al) M2 13000.02p 0.9920 14000.02p 4.8214e-3 25000.02p 2.4648e-4 26000.02p 2.4247e-3 29000.02p 5.1142e-4 $Al equilibrator C ******************** C * PHOTON TALLIES * C ******************** F16:P 100 C FM card is 1.602E-08*0.01734031 C There are 0.01734031 IB per beta decay FM16 2.777918E-10 FC16 Internal Bremmstrahlung Dose [Rad(TLD)/Beta Decay] C NPS 20000000 PRINT 10 PRDMP 1j -100 0 2
